After a pulmonary arterial banding procedure the phonocardiograms of 38 patients were correlated with haemodynamic and angiographic findings. Twenty-four patients had uncomplicated ventricular septal defect, 2 had single ventricle, 5 had transposition of the great arteries, 5 had atrioventricular canal defects, and 2 had coarctation of the aorta and ventricular septal defect. P2 was separatedfrom A2 by less than 40 ms in 10 of the 11 patients with high pulmonary vascular resistance. Of 27 patients with nearly normal pulmonary vascular resistances and distal pulmonary artery pressures less than 50120 mnHg (6 7/2 7 kPa), 24 had A2-P2 intervals ofover 40 ms. A narrow A2-P2 interval with a satisfactory band wasfound in 2 patients with large right-to-left shunts. A2-P2 interval did not change appreciably with age, and this measurement is a useful guide as to the effectiveness ofpulmonary artery banding by one year after operation. If this interval is less than 40 ins, repeat catheterization should be carried out as suchpatients may havepersistingpulmonary hypertension and an increased pulmonary vascular resistance.
Most patients have an easily heard splitting of the viewed to assess the validity of using the phonosecond heart sound (S2) after a successful pulmonary cardiogram as a guide to the effectiveness of the banding. Some of the clinical reviews of the banding banding procedure in reducing distal pulmonary procedure fail to mention this change in the second arterial pressure. heart sound (Dammann et al., 1961; Stark et al., 1969) , while others (Takahashi et al., 1968) have noted this splitting of the second sound as a Subjects and methods characteristic clinical finding after banding. Aziz, Mesko, and Ellison (1972) stressed the potential Only patients in severe distress had pulmonary value of the changes of the second heart sound after arterial banding. All had failed to respond to medical banding and presented data showing that with low treatment. Several were desperately ill at the time of pulmonary arterial pressures distal to the band, the banding and the operation was performed in the split was over 40 ms while, if the pulmonary presence of heart failure and lung infection. Only arterial pressure was raised, the splitting interval those patients who had post-banding cardiac was less than 40 ms. This observation indicated catheterizations with measurement of distal pulthat the phonocardiogram could serve as a non-monary arterial pressure and with phonocardioinvasive method for monitoring pulmonary arterial grams obtained within a few months of catheterizapressures after banding. However, only 17 subjects tion are included in the present report. The 38 were studied by the above authors, all but 2 with patients comprise about two-thirds of all the adequate bands, and all subjects were over 2 years patients banded over a 15-year period. Twentyof age. Patients with pulmonary arterial banding four patients had uncomplicated ventricular septal have been followed with phonocardiograms for defect, 2 had single ventricle, 5 patients had about 15 years at Winnipeg Children's Hospital. complete atrioventricular canal defects, 5 had The phonocardiographic, haemodynamic, and an-transposition of the great arteries, and 2 had giographic findings of 38 banded patients are re-coarctation of the aorta as well as ventricular septal defect. The amount of constriction applied at oper-498 G. R. Cumming and on the distal pulmonary arterial pressure averaging the intervals between the aortic and (measured by pressure transducer in 33 patients and pulmonary components of Sl (A2-P2 interval) for 5 estimated by palpation in the others). An attempt consecutive heart beats. In addition, the height of was made to reduce the pulmonary arterial systolic P2 divided by the height of A2 was obtained to pressure to about 40 mmHg (5-3 kPa). The mean provide an index of the relative intensities of these band diameter was 7 mm, some infants developed sounds. Recorder speed was 75 or 100 mm/s. In striking cardiac slowing, with reduction of the PA children aged 3 years and over a carotid pulse curve pressures to 40 mmHg (5 3 kPa) and the surgeon was used to confirm the identification of A2 (Fig. 2) . accepted a lesser degree of constriction. An index of pulmonary blood flow was obtained by using the pulmonary/systemic flow ratio. As an 6 Aqe S VSD Band index of pulmonary vascular resistance, the pulmonary/systemic resistance ratio was calculated using mean pulmonary arterial and femoral arterial -.;
pressures. Serial film angiography was performed on all patients and measurements were obtained as indicated in Fig. 1 Second heart sound 499 of 0 30 or more, the A2-P2 interval was < 30 ms in The pulmonary component of the second sound 7, 36 to 38 ms in 3, and 45 ms in 1 patient. Of the 8 was of relatively greater intensity in patients with patients with pulmonary arterial pressures >50/20 pulmonary hypertension, but the dividing line mmHg (6 7/2 7 kPa), A2-P2 was < 40 ms in 7. between those with raised pulmonary arterial presOf the 14 patients with A2-P2 intervals < 40 ms, sures and resistances was less distinct for the ratio of 11 had raised pulmonary arterial pressures and/or P2/A2 intensity than it was for A2-P2 interval. Of the pulmonary vascular resistances (arbitrary values 11 subjects with RP/RS ratios >0 30, 8 had given above). Of the 24 patients with A2-P2 intervals P2/A2 intensity ratios of 1 0 or greater. Of the 27 of 40 ms or greater, only 1 had a resistance ratio patients with resistance ratios below 0 30, 22 of the >030, and/or pulmonary arterial pressure >50/20 subjects had P2/A2 intensity ratios < 1 0. There mmHg (6.7/2.7 kPa).
were similar findings for those subjects with pul- the great arteries had an A2-P2 interval exceeding The ratio of pulmonary to systemic blood flow 40 ms, but had raised pulmonary arterial pressures. was >1.5 in 8 patients. This was not associated with Fig. 5 shows the very loud P2 in 2 patients with a greater degree of splitting of the second heart severe residual pulmonary hypertension. Of 15 sound compared with those with little or no left-to-patients with phonocardiograms at age 2 to 3 years, right shunt. The pulmonary arterial pressure was and subsequently at least 2 years later at age 4 to 6 >40/20 mmHg (5-3/2.7 kPa) in 5 of these 8 years, the mean A2-P2 interval changed from 40 to patients and less than this value in the other 3.
45 ms (P >0 10) while RR interval changed from
The band was > 15 mm above the valve in 17 565 to 570 ms (P < 0.05). There seemed to be little patients, and 11 of these were over 3 years of age. change with age, for the A2-P2 interval increased The band was <10 mm above the valve in 6 by over 10 ms in only 3 of the 14 subjects, and the patients and 4 were less than 3 years of age. mean values at the two ages were not significantly Arterial oxygen desaturation was calculated by different. In Fig. 5 , Case 25 showed a wider A2-P2 subtracting the systemic arterial oxygen saturation interval with age, and Case 10 no change. from the pulmonary venous oxygen saturation.
Some respiratory variation may occur in the In 14 of the subjects, pulmonary venous saturations A2-P2 interval after PA banding. The largest were obtained (mean value 96%); in the remaining variation occurred in Case 38, in whom spontaneous 24 subjects it was assumed that pulmonary venous closure of a large ventricular septal defect had saturation was 96 per cent. Indicator dilution curves occurred during the first year. This girl had an revealed a trace or greater right-to-left shunt in the associated coarctation of the aorta, which was not majority of patients. The desaturation of arterial repaired at the time of banding but was electively blood was greater than 8 per cent saturation in 10 repaired at age 7 along with removal of the band. of the 24 subjects with uncomplicated ventricular At cardiac catheterization at age 5, the right venseptal defects. In 4 of these 10 subjects the right-to-tricular pressure was 66 mmHg (8-8 kPa), systolic left shunt was associated with pulmonary hyper-pulmonary arterial pressure 18 mmHg (2-4 kPa), tension and increased pulmonary vascular resis-and left ventricular pressure 134 mmHg (17.8 kPa).
tance, while in the remaining 6 subjects the right-to-The most notable feature of S2 was the pronounced FIG. 4 Phonocardiograms from 4 banded patients. subjects as having persisting pulmonary hyperCase 9 at age 4, Case 13 at age 1, Case 6 tension and might have allowed earlier reinvestigaat age 2 years, all with large ventricular septal defects tion and effective surgery. and normal PA pressures. Variable degrees of splitting While the correlation between the level of pulof S2, variable ratio of intensities of P2/A2. Case 35 monary arterial pressure or pulmonary vascular has transposition of the great arteries and systolic PA resistance and the A2-P2 interval was not high, pressure was 54 mmHg (7 2 kPa). Time lines 0,2 s measurement of this interval was of practical imin these and subsequent phonocardiograms.
portance. All but one of the subjects with a significant increase in pulmonary vascular resistance (pulmonary/systemic resistance ratio >030) had an A2-P2 interval of less than 40 ms, allowing a respiratory fluctuation in the A2-P2 interval (Fig. 6) . recognition of 90 per cent of subjects with an In most of the remaining subjects the A2-P2 in-increase in resistance. Of the 27 subjects with tervals were either constant or changed by < 10 ms normal resistances, 3 had A2-P2 intervals of with different phases of respiration. No attempt <40 ms, a frequency of 11 per cent false positive was made to control respiration during the phono-identification of patients likely to have an increased cardiograms on these patients, the majority of whom pulmonary vascular resistance by using the 40 ms were under 5 years of age. cutoff value. Linear regression analyses were carried out for the The ratio of the intensity of P2/A2 was a less A2-P2 interval and the P2/A2 intensity ratios (Table reliable index of rise in pulmonary arterial pressures 2). The highest correlation was for pulmonary or vascular resistance than was the A2-P2 interval. arterial diastolic pressure and sound intensity ratio, Of subjects with an increased pulmonary vascular and other significant correlations were found resistance, 73 per cent had P2/A2 sound intensity between resistance ratio, the ratio of band diameter ratios < 1-0, resulting in a false negative index in to aortic diameter, and systolic pressure gradient 27 per cent of the subjects. Eighteen per cent of the across the band. subjects gave a false positive result having P2/A2 ratios of < 10, in the absence of any increase in pulmonary arterial pressure or pulmonary vascular resistance. Discussion One explanation of why the patient with a low pulmonary arterial pressure distal to an adequate As experience is gained in operating on small in-band has wide splitting of the second heart sound fants with large ventricular septal defects, con-is that the pulmonary valve does not close until the siderably feWer pulmonary arterial banding pro-proximal pulmonary artery pressure falls from its cedures will be performed. None the less, in some high systolic level to a low diastolic value. Most of the patients studied by Aziz et al. (1972) were over 4 years of age. The important time to 6y other structures increase in size.
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